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I. INTRODUCTION 

c -  

-- 

T h e  TIGRIS camera system which was t e s t e d  i n  t h e  

l abora to ry  i n  September was t aken  t o  Capi l lo  Peak 

Observatory nea r  Albuquerque, New Mexico, t o  be t e s t e d  

t h e r e  i n  dark sky condi t ions i n  October. The  t h r e e  

n i g h t s  of October 6, 7 and 8 were dark  and c l e a r  and very 

w e l l  s u i t e d  f o r  t h e  t e s t s .  

* 

T h e  camera system funct ioned and displayed t h e  

expected except iona l ly  high s e n s i t i v i t y ,  

l e n s  and a two second exposure t h e  night  a i rglow could 

c l e a r l y  be seen  with dark o b j e c t s  i n  t h e  foreground 

sha rp ly  s i l h o u e t t e d  aga ins t  i t  , With a s imi la r  a p e r t u r e  

With an  f 2.8 

t h e  most s e n s i t i v e  photographic f i l m  a v a i l a b l e  does not 

show t h i s  i n  many minutes exposure. 

It was unfor tuna te  t h a t  t h e  image o r th i con  tube  which 

had undergone l abora to ry  tes ts  f a i l e d  and had t o  be rep laced  

by another  incompletely t e s t e d  one. Some o f  t h e  d i f f i c u l t i e s  

t h a t  were encountered many be s p e c i f i c  t o  t h i s  tube and 

f u r t h e r  l abora to ry  t es t s  w i l l  be needed t o  a s c e r t a i n  t h i s .  

The f i e l d  t e s t s  were u s e f u l  not only i n  demonstrating 

t h e  remarkable s e n s i t i v i t y  but a l s o  i n  showing a v a r i e t y  of 

* The Capi l lo  Peak Observatory i s  operated by t h e  Department 
of Physics of t h e  Universi ty  of N e w  Mexico i n  Albuquerque 
and t h e  very adequate f a c i l i t i e s  were made a v a i l a b l e  f o r  
t h e  t e s t  by P r o f ,  Vic tor  Regener. 
g r a t e f u l l y  acknowledged. 

His kind he lp  i s  
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- .  undes i rab le  e f f e c t s  connected w i t h  t h e  observa t ion  of a 

s t a r  f i e l d  containing a great  range of b r igh tness  t o g e t h e r  

w i t h  a d i f f u s e  low i n t e n s i t y  f i e l d  which i n  t h i s  case  was 

t h e  n ight  a i rglow,  For the  purpose f o r  which t h i s  system 

i s  intended i t  i s  c l ea r  t h a t  t h e  s e n s i t i v i t y  makes i t  much 

p r e f e r a b l e  t o  photography even if recovery r a t h e r  t h a n  

te lemeter ing  were poss ib le .  The high d e f i n i t i o n  (500 l i n e  

p i c t u r e )  seems e s s e n t i a l  i n  o rde r  t o  be a b l e  t o  d i sc r ima te  

s u f f i c i e n t l y  many s t a r s  i nd iv idua l ly  and t h u s  avoid having 

them con t r ibu te  t o  t h e  unresolved background. The 

undes i rab le  e f f e c t s  seen included very severe l lshadingl l ,  

t h a t  i s  a v a r i a t i o n  of output l e v e l  a s  a func t ion  of 

p o s i t i o n  i n  t h e  image, a d i f f i c u l t y  w i t h  t h e  d.c .  clamping, 

and a change i n  output as a r e s u l t  of a change i n  camera 

o r i e n t a t  ion.  Severa l  o the r  undes i rab le  but not necessa r i ly  

i n c a p a c i t a t i n g  e f f e c t s  were a l s o  noted. 

The data i n  t h i s  report  a r e  c h i e f l y  i n  t h e  form of 
/ 

photographs of monitor and osc i l l o scope  screens  record ing  

t h e  camera's  response t o  a v a r i e t y  of l i g h t  sources  i n  t h e  

n igh t  sky .  L i t t l e  attempt i s  made a t  present  a t  an explana- 

t i o n  of t h e  var ious  phenomena. A s  many a s soc ia t ed  f a c t s  

as were recorded a r e  pointed out i n  each case s o  as t o  g ive  

an  o v e r a l l  p i c t u r e  including t h e  dependence of t h e  performance 

on system parameters ~ Deta i l ed  explanat ions w i l l  be attempted 

l a t e r  i n  c l o s e  consul ta t ion  w i t h  expe r t s  i n  image o r th i con  

des ign ,  
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The p i c t u r e s  a r e  arranged a t  t h e  end of" t h e  r epor t  i n  

t h e  o r d e r  i n  which  t h e y  were taken. Although t h i s  c r e a t e s  

some inconvenience i n  comparing some of t h e  e f f e c t s ,  t h e  

i n t e g r a t i o n  t i m e  sequences would be i n t e r r u p t e d  by any 

o t h e r  arrangement. Also the  f a c t  t h a t  some p r i n t s  a r e  

d iscussed  i n  seve ra l  s ec t ions  means t h a t  a compromise i n  

arrangement h a s  t o  be made i n  any case .  Under each p r i n t  

t h e  c e n t r a l  o r  most important c o n s t e l l a t i o n  or o t h e r  

f e a t u r e  i s  l i s t e d  along w i t h  a s  many o t h e r  parameters as 

were a v a i l a b l e .  The vol tage i s  t h e  beam vol tage ,  t h e  number 

of seconds i s  t h e  i n t e g r a t i o n  t ime used t o  make t h e  

p i c t u r e ,  and t h e  clock time i s  t h e  t i m e  of day when t h e  

p i c t u r e  was made. 

I1 SENSITIVITY 

h *  
A small  reg ion  between BD coord ina tes  ( 6  32 t o  

7 32 R . A . )  (-lo. t o  +loo Dee.) was s tud ied  very c a r e f u l l y  

i n  F igures  8, 13, 14.  The number of s t a r s  de tec ted  i n  each 

o f  t h e s e  p i c t u r e s  along w i t h  t h e  h ighes t  magnitude 

d e t e c t a b l e  a r e  l i s t e d  i n  t h e  fol lowing t a b l e .  The  magnitudes 

h *  

F ig .  I n t .  Time # Stars  Highest Magnitude 

8 
13 
14 

2 s e e .  
16 sec .  
32 sec.  

37 
80 
84 

6 
7 
7 
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The magnitudes were taken f rom t h e  Henry Draper ca ta log .  The 

c l o s e s t  s t a r s  which were resolved by t h e  system were about 

1/4 a p a r t ,  unresolved s t a r  p a i r s  o r  groups of s t a r s  being 

t h e r e f o r e  counted a s  one. These p r i n t s  were made w i t h  a 

" .  

0 

r e l a t i v e l y  high c o n t r a s t  on t h e  monitor.  T h i s  expla ins  to 

some degree why only one magnitude w a s  gained i n  inc reas ing  

t h e  i n t e g r a t i o n  t ime by a f a c t o r  of 16 while not  f i l l i n g  up 

t h e  space'between t h e  b r i g h t e r  s t a r s  w i t h  t h e  smeared out 

. 

l i g h t  of  higher  magnitude s t a r s  and n igh t  a i rglow.  T h i s  i s  

shown by t h e  fat* t h a t  f i g u r e  17, which was only a 2 sec .  

i n t e g r a t i o n ,  but made w i t h  a low c o n t r a s t  s e t t i n g  on t h e  

monitor r e v e a l s  n e a r l y  a s  many s t a r s  i n  t h e  Canis Minor reg ion  

as does f i g u r e  1 4  which was a 32 second i n t e g r a t i o n  made w i t h  

a high c o n t r a s t  s e t t i n g  on the  monitor.  Both 17 and 1 4  were 

made w i t h  a 92 v o l t  beam vol tage .  

than  t h e  beam cur ren t  was measured f o r  convenience. A h igher  

beam vo l t age  r e s u l t s  i n  a lower beam c u r r e n t .  The uni formi ty  

of t h e  beam vol tage  t o  current  r e l a t i o n s h i p  from tube t o  tube 

(The beam vol tage  r a t h e r  

must be checked s i n c e  t h e  current  determines t h e  d ischarge  

r a t e  of t h e  t a r g e t .  ) However, i t  i s  not iced  i n  17 t h a t  t h e  

h igher  magnitude s t a r s  a r e  sometimes d i f f i c u l t  t o  pick out  

from t h e  noise  and n igh t  airglow. The e f f e c t  of monitor con- 

t r a s t  on t h e  p i c t u r e s  i s  also evident  from t h e  appearance of 

some stars i n  f i g u r e  1 through 4 (2 s ee .  i n t e g r a t i o n  l o w  monitor 

contrast) which a r e  not  shown i n  f i g u r e  13 (16 sec .  i n t e g r a t i o n  

high monitor c o n t r a s t  ), although t h e  beam s e t t i n g  was probably 
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a l s o  d i f f e r e n t  i n  these  two cases .  

and 32 where b o t h  a r e  2 second i n t e g r a t i o n s  but 32 i s  made 

w i t h  a 1cxwep monitor c a n t r a s t .  

Also compare f i g u r e s  31 

The e f f e c t  of i n t e g r a t i o n  t imes on s e n s i t i v i t y  i s  some- 

what hidden i n  t he  s e r i e s  of f i g u r e s  8 t o  1 4  because of t h e  

high monitor c o n t r a s t  used. However, f i g u r e s  35 t o  38 were 

made w i t h  a low c o n t r a s t  s e t t i n g  on t h e  monitor and cover t h e  

complete range of  i n t e g r a t i o n  t imes f rom 2 t o  16  seconds. 

Here one sees  some anomalous behavior which may be a func t ion  

of t h e  severe shading t o  be  discussed below. 

38) was made w i t h  t h e  beam vol tage a t  92.6 V.  

(2 s ee .  i n t e g r a t i o n )  one sees  tha t  t h e  h ighes t  camera sens i -  

t i v i t y  i s  i n  t h e  cer, ter of t he  f i e l d .  

T h i s  s e r i e s  (35- 

For p r i n t  35 

However, t h e  successive 

doubling of t h e  i n t e g r a t i o n  times changes t h e  response of  t h e  

c e n t r a l  region ve ry  l i t t l e  w h i l e  t h e  border  a reas  show t h e  

expected approach t o  s a t u r a t i o n .  Since t h e  n igh t  airglow 

i s  more o r  less urdform over t h e  80 

38, one would expect the  e n t i r e  p i c t u r e  from a p e r f e c t l y  

opera t ing  camera (no shading)  t o  approach uniform b r igh tness  

a s  the  i n t e g r a t i o n  t imes a r e  increased.  

no t  t h e  case i n  f i g u r e s  35 t o  38. 

0 f i e l d  of f i g u r e s  35 t o  

T h i s  i s  obviously 

I n  f i g u r e s  40 and 41  the  beam cur ren t  was increased by 

lowering t h e  beam ,voltage t o  92.3 v o l t s .  T h i s  tends t o  br ing  

out  t h e  b r i g h t  s t a r s  a s  would be  expected. 

t r u e  i n  f i g u r e  46, see  sec t ion  IIA.) Doubling t h e  i n t e g r a t i o n  

t i m e  i n  4 1  over t h a t  ir, 40 shows t h e  same e f f e c t s  observed 

(The opposi te  i s  
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- .  i n  the s e r i e s  35 t o  38. 

c e n t r a l  region seems t o  have expanded somewhat more f o r  t h e  

increased  i n t e g r a t i o n  t ime than i n  t h e  corresponding p r i n t  

p a i r ,  35 afid 36. 

However, i n  t h i s  case t h e  b r i g h t  

F igure  5 was made wi th  a 0.8 n e u t r a l  d e n s i t y  f i l t e r  

be fo re  t h e  1/0 camera l e n s .  

measured f o r  t h i s  exposure i t  was probably r e l a t i v e l y  h igh  

t o  compensate Tor  t h e  lower photocathode i l l umina t ion .  The 

0.8 n e u t r a l  dens i ty  f i l t e r  reduces t h e  photocathode i l lumina-  

t i o n  due t o  t h e  n igh t  sky t o  a va lue  which approaches t h a t  

expected f o r  plasma clouds blown o f f  t h e  sun. Figure 5 i s  

thus  a record of t h e  camera response t o  a more o r  l e s s  

uniformly b r i g h t  f i e l d  ( s t a r s  excepted)  which has a b r i g h t -  

nes s  comparable t o  t h e  weakest l i g h t  source we hope t o  d e t e c t  

w i t h  t h e  TIGRIS system. The important t h ing  t o  n o t i c e  i n  

t h i s  p i c t u r e  i s  t h e  evidence of  a high no i se  l e v e l .  T h i s  i s  

i n d i c a t e d  both by t h e  ove ra l l  ho r i zon ta l  s t r e a k i n e s s  and t h e  

appearance of b r i g h t e r  s t r eaks  i n  t h e  shadow of t h e  bui ld ing  

on t h e  horizon. 

t h e  0.8 dens i ty  f i l t e r  i n  place.  The s i g n a l  t o  no i se  r a t i o  

i s  increased  but t h e  use of a h igher  monitor c o n t r a s t  elimin- 

a t e s  most of  t h e  n ight  airglow f rom t h e  p i c t u r e .  It i s  pro-  

posed t h a t  l a r g e  a r e a ,  l o w  cont ras t  t e s t  p a t t e r n s  be used i n  

the c a l i b r a t e d  l i g h t  box t o  determine the  ser iousness  of t h i s  

While t h e  beam vo l t age  was not 

Figure 6 i s  f o r  8-see.  i n t e g r a t i o n  t ime w i t h  

r n o i s e  a t  t h e  low l i g h t  l e v e l s .  
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Figures  18 t o  24 show the zodiaca l  l i g h t  w i t h  Venus i n  

the  c e n t e r  of t h e  black spot .  

high and t h e  horizon objects  a r e  v i v i d l y  s i l h o u e t t e d  a g a i n s t  

t h e  sky. The black s p o t  spans elongat ion angles  from about 

34' t o  50'. 

t i o n  range i s  about 7 x 

(B@ i s  t h e  average sur face  br ightness  of  t h e  s o l a r  d i s k ) .  

The l i g h t  l e v e l  i s  r e l a t i v e l y  

The t o t a l  b r igh tness  of t h e  sky i n  t h i s  elonga- 

B, o r  1.3 x 1 0  
-4 2 

cand les / f t .  

T h i s  r e s u l t s  i n  a photocathode i l l umina t ion  o f  about 1.3 x 1 0  -5 

f t .  candles ,  which i s  about 2 o rde r s  of magnitude g r e a t e r  

than  that  expected f o r  t h e  s o l a r  plasma clouds.  The long 

b lack  ob jec t  i n  some o f  t h e  zodical  l i g h t  p i c t u r e s  i s  a 

b lack  pole  held i n  f r o n t  of t he  1/0 camera t o  c o n t r a s t  w i t h  

the  background sky. 

It i s  perhaps noteworthy as f a r  a s  s e n s i t i v i t y  i s  con- 

cerned t h a t  t h e  Androrneda galaxy shows up very c l e a r l y  j u s t  

above and to the l e f t  of t h e  c e n t e r  of f igure 44. 

111. LOCALIZED CHANGES I N  SENSITIVITJ 

A. Images of  b r i g h t  stars.  I n  f i g u r e s  44 and 45 the b r i g h t  

stars appear a s  grey do t s  (Notice the  b r i g h t  s t a r s  of Cassiopeia 

and Andromeda i n  44 and those of Orion i n  45 ) ,  whi le  h igher  

magnitude stars appear b r i g h t e r .  I n  p r i n t  46 t h e  beam 

p o t e n t i a l  was decreased t o  91.6 v o l t s  and t h e  b r i g h t  stars 

i n  Orion which appeared dim i n  45 have now disappeared 

a l t o g e t h e r .  This i n d i c a t e s  a poss ib l e  " f a t igue"  of t h e  

photocathode i n  the image s p o t  of b r i g h t  s t a r s  o r  secondary 
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e l e c t r o n  e f f e c t s  on t h e  beam s i d e  of t h e  t a r g e t .  

through 1 4  which a l s o  include Orion were made w i t h  the  

i d e n t i c a l  beam s e t t i n g  of  92 V as 45 but  do not show t h i s  

e f f e c t .  The D.C. r e fe rence  method was d i f f e r e n t  i n  the  two 

cases  , however. 

Figures  8 

A s i m i l a r l y  anomalous behavior of b r i g h t  s ta r  images 

occurs i n  f i g u r e s  1 to 4 where, unfor tuna te ly ,  t h e  beam 

vo l t age  was not  meamreds I n  t h e s e  p r i n t s  the  b r i g h t  s t a r s  

are poorly def ined,  some being black s p o t s  i n  t h e  c e n t e r s  o f  

b r i g h t  spread-out s i n g s  ( a  Canis Minor i n  f i g u r e  3 )  while 

o t h e r s  a r e  not  seen a1 a l l  (p Canis Minor i n  f i g u r e  3 ) .  T h i s  

i s  i n  marked c o n t r a s t  t o  p r i n t  12  where e s s e n t i a l l y  a l l  s t a r s  

down to 6 t h  magnitude a r e  sharply defined i n  a reas  of the  

f i e l d  where t h e  carrrera i s  most s e n s i t i v e .  However, f i g u r e s  

1 t o  4 probably correspond t o  l o w e r  beam c u r r e n t s  and again 

the b lack  cen te r s  of stars may be due t o  secondary e l e c t r o n  

e f fec ts  on t h e  beam side of the  t a r g e t .  

We have seen above that t h e  images of b r i g h t  stars can 

d i sappea r  a t  high beam cur ren t s  ( f i g u r e  46) .  At the  same 

t i m e  i n  f i g u r e s  18 to 24 t h e  images of t h e  s t a r s  E, w ,  5 , y ,  

7 7 ,  
as b lack  ho le s  i n  t h e  b r igh t  background of t h e  zodica l  l i g h t .  

T h i s  i s  probably connected with t h e  occurrence of black c e n t e r s  

of some b r i g h t  s tars  i n  f i g u r e  3. 

i n  Leo disappear  a t  low beam cu r ren t s .  These stars appear 
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- .  B, Long-term desensitization along star trails. An obvious 

feature of many of the prints is the large number of black 

streaks which appear whenever the night sky background is 

discernible. These are identified with the paths of bright 

stars which pass across the field of view as the earth rotates. 

In figure 16 the camera is aimed at the celestial equator 

such that the black streaks are almost straight lines. The 

stars making the streaks are easily identified in figure 16, 

The length of the trails in 16 is about 2 hours long, while 

these same trails are still visible in figure 24 about 1 hour 

after the camera was pointed in the new direction, This 

demonstrates the very long time constant for the elimination 

of these desensitived regions. Another striking example of 

this desensitization is the trail made by Jupiter in figures 

30 to 41, This trail is evident in figure 43 where the camera 

orientation has been changed. 

The existence of these long term paths of desensitization 

shows that there is a real danger in exposing the photocathode 

t o  an extended bright source during the rocket flight. For 

example, if the image of the bright horizon were accidentally 

placed on the photocathode during a rocket flight, the system 

would be completely desensitized for the duration of the 

flight. 

C. Large area of desensitization about bright images of planets. 

The most obvious feature in figures 18 to 24 and 30 to 41 is 

the large area of desensitization around the. images of the 
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p l a n e t s  Venus and J u p i t e r .  T h i s  i s  obviously due t o  the 

f a c t  tha t  Venus a n d . J u p i t e r  were very b r i g h t  a t  t h e  t i m e  of 

t h e  observat ions,  t he  magnitudes of Venus and J u p i t e r  being 

about -3.7 and -2,2 respec t ive ly .  Unlike t h e  s t a r  t r a i l s ,  

however, t h i s  l a r g e  a rea  d e s e n s i t i z a t i o n  was very t r a n s i e n t  

a s  evidenced by t;he f a c t  that  tube s e n s i t i v i t y  was immediately 

r e s t o r e d  i n  a black a rea  when t h e  o p t i c a l  f i e l d  was changed. 

Only t he  narrow black t r a i l  remained i n  t he  new f i e l d  of v i e w  

(Compare 42 and 43, which were made only 5 minutes apa r t  ). 

I n  18 t o  24, Venus i s  v i s i b l e  a s  a f a i n t  white spot .just 

below the  center. of t he  b lack  a r e a .  The f i r s t  magnitude 

s tar ,  Regulus, appears nea r  t h e  t o p  of t h e  black a r e a  as  a 

white  s p o t  s i m i l a r  t o  t h a t  of Venus. Regulus i s  con t r ibu t ing  

t o  t h e  d e n s e n s i t i z a t i o n  a s  the  black a r e a  i s  elongated along 

a l i n e  between Venus and Regulus, The smeared images nea r  

the  bottom of t he  black spo t  a r e  t h e  s t a r s  P,  44,  45, 

0 2 220 i n  Leo. 

which corresponds t o  t h e  b r i g h t  doughnut on t h e  r i g h t  edge 

of t h e  black area,, However ,  t h i s  anomalous b r i g h t  s p o t  i s  

somehow assoc ia t ed  w i t h  t h e  e f f e c t  of Venus and Regulus a s  

i t  occupies a constant  pos i t ion  i f i  the  sky. 

There i s  no objec t  below s ixth magnitude 

I n  f i g u r e s  30 t o  4 1  J u p i t e r  i s  v i s i b l e  i n  t h e  c e n t e r  of 

t h e  black a r e a ,  Although this s e r i e s  of p i c t u r e s  was taken 

w i t h  a v a r i e t y  of beam vol tages  and i n t e g r a t i o n  t imes,  t h e r e  

i s  l i t t l e  o r  no v a r i a t i o n  i n  the s i z e  o r  cha rac t e r  of t h e  

b lack  a rea  around J u p i t e r  throughout t h e  s e r i e s .  T h i s  
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i n d i c a t e s  t h a t  t h e  d e s e n s i t i z a t i o n  of t h e  1/0 camera around 

a b r i g h t  ob jec t  may be  due e n t i r e l y  t o  t h e  p r o p e r t i e s  of t h e  

photocathode. 

Also obvious i n  p r i n t s  30 t o  41 i s  t h e  b r i g h t  doughnut 

a t  the  edge of t h e  black area around J u p i t e r .  

doughnut which was assoc ia ted  w i t h  Venus i n  f i g u r e s  18 t o  24, 

t h i s  b r i g h t  r i n g  near  J u p i t e r  occupies a f i x e d  p o s i t i o n  i n  

t h e  sky where no s i g n i f i c a n t  real  objec t  i s  loca ted .  A s  t h e  

b r i g h t  doughnuts i n  t h e  two cases occupy d i f f e r e n t  pos i t i ons  

w i t h  r e spec t  t o  t he  p lane t  and t h e  t r a c e  d i r e c t i o n ,  b o t h  

e l e c t r o n i c  and o p t i c a l  explanations of t h e  phenomenon a r e  

e l u s i v e .  

Like t h e  s i m i l a r  

TV. SHADING 
r, 

~ , I ,  

Throughout t h e  f i e l d  t e s t  a very severe  shading was 

ev ident  i n  t h e  camera response.  T h i s  shading i s  seen i n  a l l  

p i c t u r e s  made duricig t h e  tes ts ,  but t h e  p a t t e r n  i s  best  

shown i n  f i g u r e  16 which was somewhat overexposed photo-  

g raph ica l ly .  

dimensional func t ion  of  pos i t i on  which i s  not  l i n e a r  i n  e i t h e r  

coordinate .  

as a c h a r a c t e r i s t i c  t i m e  v a r i a t i o n  i n  t h e  t r a c e  a s  a p i c t u r e  

w a s  scanned. It i s  not iced  i n  f i g u r e  5, f o r  example, t h a t  

t he  shading was much less severe than  i n  16. It i s  r e c a l l e d  

t ha t  f i g u r e  5 was made through a 0.8 n e u t r a l  dens i ty  f i l t e r  

and t h e r e f o r e  w i t h  a h igh  beam vol tage .  

o t h e r  hand was made w i t h  t h e  beam a t  92 v o l t s  which i s  

Figure 16 shows t h a t  t h e  shading i s  a two 

The shading was a l s o  evident  on t h e  osc i l loscope  

* _  

4. Figure  16 on t h e  
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r e l a t i v e l y  low.  T h i s  i nd ica t e s  t h a t  t h e  s e v e r i t y  of shading 

may be an increas ing  func t ion  of beam cur ren t .  However, when 

t h e  p i c t u r e s  of  the zodiaca l  l i g h t  were made (18-24) ,  an 

a t tempt  was made t o  e l imina te  the  shading e f f e c t  by tak ing  

some p i c t u r e s  w i t h  the camera r o t a t e d  by about 90' (19, 21, 

22) .  

comparison of  19, 21, 22 w i t h  18, 20, 24 shows t h a t  the 

Even though t h e  beam was set  a% t h e  h igh  va lue  of 93 V, 

shading i s  s t i l l  t o o  severe t o  e l imina te  i t s  e f f e c t  by camera 

r o t a t i o n ,  A s  only one image or th icon  tube w a s  used through-  

out t h e  f i e l d  t e s t  i s  i s  no t  known t o  what ex ten t  t h e  

s e v e r i t y  of t h e  shading i s  p a r t i c u l a r  t o  t h e  tube .  However, 

t h e  shading d i d  no t  appear t o  be  as severe i n  t h e  l a b  acceptance 

tes t  where another  1/0 tube was used as i t  d i d  a t  C a p i l l o  

Peak. 

The v a r i a t i o n  i n  shading along t h e  l e f t  s i d e  of 16 shows 

tha t  t h e  D.C. re fe rence  l e v e l  was not  constant  a s  a func t ion  

of v e r t i c a l  he ight .  A change i n  the  clamping c i r c u i t  on t h e  

f i n a l  n igh t  of observatiorz d i d  no t  e l imina te  t h i s  D.C. r e fe rence  

d r i f t  a l though the  shading c h a r a c t e r i s t i c s  were changed some- 

what. Compare, f o r  example, f i g u r e  16 w i t h  f i g u r e  30, where 

t he  l a t t e r  was made on t h e  l a s t  n igh t  w i t h  t h e  a l t e r e d  

clamping c i r c u i t .  The f a c t  that  the D.C. l e v e l  d r i f t  was not 

e l imina ted  by t h e  change i n  clamping i s  ind ica t ed  i n  f i g u r e  

47 where it is seen t h a t  t h e  clamping p a r t  of t h e  t r a c e  i s  

overr idden by the dr i f t - caus ing  sigfial and t h e  t r a c e  l eve l  i s  

forced  below t h e  D.C. reference.  Figure 47 shows t h a t  t h e  
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exten t  of the  d r i f t  i n  l eve l  i s  several t imes t h e  peak s i g n a l .  

This  was not  evident i n  t h e  lab  acceptance t e s t  and i n d i c a t e s  

some change i n  t h e  system c h a r a c t e r i s t i c s .  

I n  order  t o  get  a more q u a n t i t a t i v e  e s t ima te  of t h e  

shading, o s c i l l o g r a m  of  s i n g l e  t r a c e s  across  t h e  f i e l d  of  

f i g u r e  23 were made. 

middle par t  of f i g u r e  23 ( i . e .  l e r s  open),  whi le  f i g u r e  26 

i s  the  same t r a c e  maGe w i t h  t he  l e n s  capped. 

between t h e  two t r a c e s  i s  t h e  a c t u a l  l i g h t  rece ived ,  The 

gene ra l  s i m i l a r i t y  of t h e  t w o  t r a c e s  shows t h a t  most of the 

v a r i a t i o n  i n  t h e  b r igh tness  seen i n  f i g u r e  23 i s  due t o  t h e  

Figure 25 i s  the  t r a c e  across  t h e  upper 

The d i f f e r e n c e  

inhe ren t  l e v e l  shading of t h e  system and not  t o  a c t u a l  b r i g h t -  

ness  v a r i a t i o n s  in the  f i e l d  of view. Any shading i n  sens i -  

t i v i t y  i s  completely masked b y  t h e  l a r g e  v a r i a t i o n  i n  l e v e l .  

F igures  27 and 28 a r e  a s i m i l a r  p a i r  of  s i n g l e  t r a c e  o s c i l l o -  

grams, but taken nea r  t h e  bottom of t h e  f i e l d .  

was made w i t h  the l e n s  capped while 28 i s  t h e  same t r a c e  with 

t h e  l e n s  open. The d i f fe rence  between t h e  two t r a c e s  i s  now 

very  marked as dark o b j e c t s  a r e  i n t e r s e c t e d  on the  horizon. 

However, t he  l e v e l  shading i s  s t i l l  evident i n  t h e  t r a c e  of 

f i g u r e  27. 

Figure 27 

V. DEPENDENCE OF CAJXEXA CHARACTERISTICS ON ORIENTATION 

. It i s  mentioned i n  sec t ion  I11 tha t  an attempt was made 

t o  e l imina te  t h e  camera shading effect  by tak ing  two p i c t u r e s  

of t h e  same v i s u a l  f i e l d ,  or!e w i t h  t h e  t r a c e s  p a r a l l e l  t o  the  
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horizon; the other with the traces perpendicular to the 

horizon. However, when the camera was rotated 90 after 

the first picture had been made, a marked change in the 

camera characteristics occurred which was apparently a 

shift in the D.C. reference of the beam. Adjustment of the 

monitor brightness and contrast alone seemed to restore the 

brightness of the second image t o  that of the first. This 

may indicate that t h e  camera is not sufficiently magnetically 

shielded. This dependence of characteristics on orientation 

must be eliminated before t h e  camera can satisfactorily per- 

form the planned stepped changes in orientation at rocket 

altitudes. 

0 

V I .  WHITE EDGE EFFECTS 

A white edge is evident along the desensitized track of 

a star in the upper right hand side of ;tagure 21. In this 

case the-white edge is along the leading side of the black 

t r ack  with respect to the trace. However, this white edge 

did not appear in figures 19 and 22 which were made under 

identical camera settings and orientations. A much more 

pronounced and reproducible white edge'appears on the trail- 

ing edge of the black  pole in figure 29. Comparisol? of 

figure 29 with TO, which is the same field of view as 29, 

shows that the white edge occurs in a region where the camera 

is much less sensi.tive because of the shading effect. 
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'JII. STAR IMAGE ERASURE 

When t h e  bearr? cur ren t  i s  set t o  t h e  very low values  

necessary just t o  discharge the very f a i n t  source h i g h l i g h t s ,  

the  s ta r  images w i l l  not  be discharged and w i l l  t h e r e f o r e  

appear f o r  s eve ra l  subsequent scans even though t h e  f i e l d  

of view has been changed o r  the  l e n s  capped. I f  t h e  s ta r  

images of a given f i e l d  are not completley erased before  

changing t h e  camera o r i e n t a t i o n  they w i l l  appear  i n  t h e  new 

f i e l d  of view along w i t h  t h e  new s tars  and confuse t h e  

i d e n t i c a t i o n  of t h e  pew s ta r  f i e l d .  T h i s  s t a r  f i e l d  i d e n t i -  

c a t i o n  may be necessary t o  determine t h e  d i r e c t i o n  i n  which 

the  camera i s  poin5ing i n  t h e  proposed rocket  app l i ca t ion .  

I n  any case,  the  s t a r  f i e l d s  w i l l  be a p r e c i s e  check on any 

o t h e r  po in t ing  con t ro l  which may be  used. It i s  t h e r e f o r e  

d e s i r a b l e  t h a t  the  target be cleaned up before  each change 

of  t h e  f i e l d  ov view. 

The obvious means of cleaning the  target of a l l  unwanted 

images i n  a s h o r t  t ime i s  t o  t u r n  t h e  beam curren t  t o  a high 

va lue  f o r  sever*al scans while no l i g h t  i s  allowed t o  e n t e r  

t h e  camera. The t e s t  procedure i s  then  t o  put t h e  camera 

through the  2-4-8-16 second sequence of i n t e g r a t i o n  times w i t h  

t h e  beam cur ren t  r e l a t i v e l y  low. 

i s  capped and the  beam current  simultaneously increased  t o  a 

predetermined value.  The number of scans t o  e r a s e  any evidence 

of s tar  images on t h e  osc i l loscope  i s  then  counted. The 

Then the  l e n s  of the  camera 

.- 
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osc i l loscope  w a s  chosen i n  place of the monitor i n  o r d e r  t o  

e l imina te  t h e  inf luence  of t he  long p e r s i s t e n c e  tube of t h e  

moni t o r .  

A beam vol tage  of 92 v o l t s  was used during t h e  i n t e g r a -  

t i o n  time sequence throughout t h i s  t e s t ,  while  92, 91 and 

90 v o l t s  were used during t h e  e ras ing  scans.  The 92 v o l t  

va lue  l a t e r  turned out t o  be  t o o  low f o r  t h e  i n t e g r a t i o n  time 

sequence a s  a beam vol tage  near 93 v o l t s  just discharged 

the  n igh t  a i r g l o w  image. However, t h i s  may not  be t o o  se r ious  

as the  large number of scans necessary t o  e r a s e  t h e  s ta rs  

w i t h  a 92 v o l t  bean i n d i c a t e s  t h a t  t h e  s t a r  images were 

probably nea r ly  s a t u r a t e d  anyway. That i s ,  very l i t t l e  more 

charge could have accumulated a t  t h e  p o s i t i o n  of a given s ta r  

image i f  a l o w e s  beam current  (higher  beam v o l t a g e )  were 

used f o r  the  read o u t  sequeme before  e ra su re .  

The following tab le  gives  t h e  r e s u l t s  of the e ra su re  

tes ts .  

TABLE I 

Time  - Beam Volgage No,, Scans f o r  Erasure 
I _  ( lens  capped ) 

92v 
9 l V  
9OV 

30 
8 
6 

60-see. 
16-sec.  
12-sec. 

Table I i n d i c a t e s  t h a t  a m i n i m u m  t i m e  of about 10-see.  may 

be necessary f o r  e f f e c t i v e  e rasure .  T h i s  l eng th  of  t i m e  can 

be e a s i l y  accommodated i n  the  p r e s e n t l y  proposed t ime program 



f o r  t h e  rocket  f l i g h t .  

time somewhat, but t h e  t i m e  required f o r  e r a su re  seems t o  

l e v e l  out as t h e  beam vol tage  i s  reduced f u r t h e r .  

A higher beam cur ren t  may reduce t h i s  

i 

V I I I .  EFFECT OF LONG PERSISTENCE MONITOR TUBE 

I n  f i g u r e  6 t h e  stars have white t a i l s  along t h e i r  

c i r c l e s  of r o t a t i o n  about t h e  c e l e s t i a l  pole .  T h i s  i s  not 

- d u e  t o  any r e s i d u a l  charge e f f e c t s  i n  the  1/0 tube b u t  t o  t h e  

f a c t  tha t  b r i g h t  images on the  monitor screen p e r s i s t e d  f o r  

s e v e r a l  minutes a f t e r  t he  scan which made them. Hence, the  

whi te  t a i l s  a r e  made up of a s e r i e s  of  r e s i d u a l  images on t h e  

monitor screen. These t a i l s  were not  present  on o the r  p r i n t s  

which were- mad.e w i t h  t h e  monitor b r igh tness  a t  a lower l e v e l .  

However, it i s  recommended t h a t  a l l  f u t u r e  photographs be  

taken wi th  a s h o r t  pers is ter ice  monitor tube.  

I X .  'SUMMARY 

Some of t h e  phenomena described above w i l l  probably not  

h inder  t h e  performance of t he  camera a s  f a r  a s  de t ec t ing  and 

de f in ing  the shapes of f a i n t ,  extended l i g h t  sources  a r e  

concerned, as  the  canera s e n s i t i v i t y  seems p e r f e c t l y  adequate 

f o r  such de tec t ion .  The appearance of b r i g h t  s t a r s  a s  b lack  

ho le s  i n  t h e  otherwise b r i g h t  background of  an extended source 

may even a i d  i n  i d e n t i f y i n g  the d i r e c t i o n  i n  which t h e  camera 

i s  pointed when a t  rocket  a l t i t u d e s ,  s i n c e  t h e  s t a r  f i e l d  

w i l l  be otherwise completely washed out .  On t h e  o t h e r  hand, 
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a t  least  two and perhaps three  of t h e  phenomena cannot be 

t o l e r a t e d  a t  a l l ,  a s  they  make t h e  output of  t h e  system very 

confusing i f  not e n t i r e l y  meaningless. These a r e  the  severe 

inherent  shadings observed i n  the  system, t h e  apparent change 

i n  t h e  D.C. re ference  of the beam w i t h  camera o r i e n t a t i o n  and 

the  d i f f i c u l t y  of  maintaining a constant  D.C. re ference  f o r  

a complete scan. These d i f f i c u l t i e s  may be c l o s e l y  r e l a t e d  

and hence a simultaneous so lu t ion  may be a v a i l a b l e .  

It may be Recessary t o  subt rac t  e l e c t r o n i c a l l y  t h e  s i g n a l s  

from two scans,  one made w i t h  t h e  l e n s  open the o t h e r  w i t h  

t h e  l e n s  c losed  by a sl?utter, t o  ob ta in  an unshaded record 

of the o p t i c a l  f i e l d .  I f  t h e  shading p roves  t o  be i n v a r i a n t  

as a func t ion  of beam current  t h e  closed l e n s  scan a t  the beam 

cu r ren t  t o  be  u-sed could be recorded be fo re  any rocket  f l i g h t  

and then  subbracted on t h e  ground from t h e  te lemetered s i g n a l  

of each scan. I n  f a c t  an average of many closed l e n s  scans 

could be  used to e l imina te  as  much random no i se  as poss ib le .  

However t o o  great a r e l i a n c e  on such a s u b t r a c t i o n  system i s  

n o t  considered sound prac t ice .  Furthermore, t h i s  method w i l l  

not  e l imina te  t he  shading i n  s e n s i t i v i t y  as d i s t i n c t  from the  

shading i n  leve l .  

The causes of many o f  t he  th ings  observed i n  the p i c t u r e s  

may a l r eady  be  well understood by the t e l e v i s i o n  tube expe r t s ,  

and study and consu l t a t ions  a r e  c l e a r l y  ind ica t ed .  Those 

ques t ions  which cannot be answered immediately might wel l  be 

-b 



t h e  s p e c i f i c  sub. ject  of a f u r t h e r  r e s e a r c h  program. The 

problems of shad ing  and DOC. r e f e r e n c e  d r i f t  must b e  r e s o l v e d  

b e f o r e  a f l i g h t  model of  t h e  camera can be  d e s i g n e d .  

v 
To Gold, Director,  CRSR 
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